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ABSTRACT
High-Resolution Spectroscopy of Very Active Solar-Type Stars
by
Nora Drager
Dr. Diane Pyper-Smith, Examination Committee Chair 
Assiciate Professor of Physics 
University of Nevada, Las Vegas
Previous low-resolution spectroscopy has been used to End stars with highly active 
chromospheres within 50 pc of the Sun for the Northern hemisphere. We have an­
alyzed thirteen such stars, using high-resolution spectroscopy, to determine Lithium 
abundances and metallicities. Although two of these stars may be close binaries, it is 
likely that eleven are single stars or wide binaries, of which four seem to be Pleiades 
age and two others appear Hyades age. It is usually expected that young stars are 
to be found in clusters, such as the Pleieides, in which there are many highly active 
young stars in close proximity to each other. However, we identify several apparently 
young single nearby held stars.
Ill
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CHAPTER 1 
INTRODUCTION
The study of Post-T Tauri (PTT) stars became of interest when Herbig, Vrba and 
Rydgren (1986) announced that there should be as many as four times the number 
of 1M@ PTTs as T-Tauri (TT) stars in a given cloud, but as of yet, no signihcant 
population has been found. The F*TTs and TTs are stars of the F, G, and K spectral 
classes, and are approximately 0.6-1.4M@ (Herbig, 1973). In this mass range TT 
stars generally have ages of approximately 1 Myr, while PTTs are those very young 
stars with ages of approximately 10 Myr and solar-type metallicities that have just 
recently reached the zero-age main sequence (ZAMS). This means that they have just 
begun burning hydrogen in their cores (Soderblom, et al. 1998). A typical IMg, star 
remains on the main sequence for about 10 billion years, while our own Sun has been 
on the main sequence for about 4.5 billion years (Carroll and Ostlie, 1996).
Very young PTTs are very abundant in Lithium (Herbig, 1965), but shortly after 
reaching the ZAMS, the PTTs begin to lose their Lithium at a much greater rate. 
SpeciEcally, in low-mass stars, the Lithium abundance decreases with age (King, 
Krishnamurthi and Pinsonneault, 2000). Lithium can be destroyed in one of three 
ways. 1) The Lithium is destroyed due to deep convection zones in pre-main-sequence 
contraction. This is apparently not the case, as TT and PTT stars have about the 
same Li abundance as do meteorites or Earth, log #(Lz) 3.0. 2) Mass ejection occurs
and causes the star to bare its lower layers with less Lithium over time. 3) Long time 
scale convective destruction occurs and, over time, leaves the star with less and less 
Lithium (Herbig, 1965). The Lithium depleted through convective destruction in one
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of two processes: 
or
+  Ef ̂  =  2Efe^
The examination of Lithium in our study is due to this depletion of Lithium 
early in a star's main sequence evolution which can give an estimate of the age of 
a star to determine whether or not it can be a PTT star. However, PTT stars are 
hard to isolate and identify which may be due to the fact that the criteria used to 
End TTs, such as Ha emission, are no longer useful in Ending PTTs because the 
Ha emission levels are no longer as strong as when the star was younger (Herbig, 
Vrba and Rydgren, 1986). This leads to a problem in Ending enough PTT data to 
accurately determine their part in stellar evolution. By studying young isolated single 
stars within 50 pc of the Sun, we hope to End stars that can be classiEed as PTT 
stars.
In order to determine whether or not any stars are the correct age to be considered 
PTTs, spectra of the stars are analyzed to obtain information relating to the ages 
of the stars. To accomplish this, surveys using low-resolution spectroscopy may be 
used to obtain the spectra. For example, a survey by Vaughan and Preston (1980) 
analyzed the Ca n H and K line emission strengths in the spectra of 486 stars cooler 
than spectral type F4 (^6700K) and determined the stars' levels of chromospheric 
emission (CE). CE is the emission kom the chromospheric layers where there is a 
temperature reversal. The chromosphere is the region of the atmosphere of a star 
just above the photosphere, which is the source of the continuous emission from the 
star. The CE is closely associated with magnetic regions in the chromosphere.
The level of CE gives a rough estimate of the ages of the stars with the youngest 
stars showing the highest level of activity. This is because younger stars rotate more
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rapidly than older stars. During formation stars acquire large amounts of angular 
momentum as they contract. The angular momentum decreases gradually throughout 
the lifetime of the star as some of its mass is ejected in stellar winds (Temdrup, 2003). 
Thus, it is likely that high CE occurs because a star is very young and has not lost 
much of its initial angular momentum (Soderblom, King and Henry, 1998 ). High 
magnetic Eelds are also a sign of high CE in that angular momentum in the star is 
transfered by magnetic Eelds. The rotation of the star along with convection and the 
dynamo eEect produce a magnetic Eeld. Therefore, the higher the rotation of a star, 
the higher the CE, and the higher the magnetic Eeld.
The level of CE of a star can be classiEed as very inactive (VI), inactive (I), active 
(A), or very active (VA). Previous analyses of CE have shown enough evidence to 
assume, in most cases, that CE is related to the age of a star, where a star with high 
CE would correspond to a young star (e.g. see Skumanich, 1972, Soderblom, Duncan, 
and Johnson, 1991). In the case of close multiple star systems, this relationship may 
not apply, since high CE can result from tidal and mass exchange eSects between 
the components. For this reason we attempted to choose single stars to analyze to 
determine whether or not they have this chromospheric emission to age relationship.
We also determined heavy element abundances, since PTT stars have solar-type 
metallicities. Heavy element abundances (metallicities) can tell us how a star diSers 
in composition from the sun, which relates to the star's age, assuming more recently 
formed stars have a higher percentage of heavy elements than the Sun. Therefore, 
metallicity can lead to information on the formation characteristics of the star. How­
ever, stars in clusters near the Sun don't show a range of metallicities with age, 
therefore we can only determine whether stars are solar-like from their metallicities. 
Finally, the radial velocities plus proper motion and parallax are useful in estimat­
ing kinematic information for the stars. The kinetic information can be used to End
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possible associations with the stars in known clusters close to the sun.
The stars chosen for this survey were from a currently unpublished and ongoing 
survey, initiated in 1999 by D. Soderblom and J. King (in preparation), of the low- 
resolution spectra of some Northern hemisphere (meaning observed in the Northern 
hemisphere) solar-type stars of spectral types F, G, and K, using the Coude-Feed 
telescope at Kitt Peak National Observatory (KPNO). These stars are found in the 
solar neighborhood, within approximately 50 pc. Emission strengths for Calcium II 
(Ca ii) H and K lines at A =  3933À and 3969Â were obtained &om this low-resolution 
spectroscopy. This survey provided estimates of the CE from analyses of the Ca n H 
and K lines.
A similar survey of stars in the Southern hemisphere has also been obtained (Henry 
et al., 1996). From this low-resolution survey, eighteen stars that were considered very 
active (VA), compared to the stars in Vaughan and Preston (1980), were observed 
at high-resolution (Soderblom, King and Henry, 1998). The stars were observed to 
establish an estimate of their ages from Lithium abundances, to determine whether 
or not they were single stars by looking at their overall spectra, and also to determine 
their level of CE by examining the Hydrogen Ha line. Their results show that most 
of these stars belong to close binary systems, but three are likely young single stars 
in the range of ten to Efteen million years of age, and thus are good candidates for 
PTT stars.
Although the number of these young stars is small, they are signiEcant. If we 
know of just a few young solar-type stars lying outside a star-forming region, then it 
can be assumed that there are many more such stars in the Galaxy. These stars may 
belong to something called a moving group, an assemblage of single stars no longer 
gravitationally bound that probably formed at the same time and have kinematics 
similar to those of stars found in various clusters.
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The stars we chose hrom the Northern hemisphere survey were those with very 
active (VA) chromospheric emission. This means that the levels of chromospheric 
emission these stars exhibit are well above the CE in the Sun and match the CE 
of the very active stars &om Soderblom and King (in preparation) study. As was 
the case for the stars in the Southern hemisphere survey, we analyzed our sample 
for Lithium abundances, metallicity ratios compared to those of the Sun, and the 
kinematic information such as the radial velocities of the stars. These characteristics 
respectively can give a rough estimate of the ages of the sample stars, whether or not 
the stars truly are solar-type, and also give us the kinematic information necessary 
to check for moving group membership.
The main purpose for the study of these stars was to determine the level of CE 
and whether or not they have ages of approximately 10 Myr, that is, whether they 
are good PTT star candidates. For these stars, their Ca n emission shows that they 
have a high likelihood of being young stars. It is uncommon to End young isolated 
stars in the vicinity of the sun. Most young stars are found in clusters because the 
formation of a star cluster requires certain initial formation conditions, including high 
temperatures and pressures, in their birthplaces in large molecular clouds. Therefore, 
we also studied the kinematics of the stars to try to explain how they could be found 
far &om their apparent origins.
The data were reduced and partially analyzed using Image Reduction and Analysis 
Facility (IRAF), with which we determined considerable amounts of Lithium in many 
of the sample stars, as is described in Chapters 2 and 3. In Chapter 4, the Lithium 
abundances, the signiEcance of the activity level of each star, and all of the kinematic 
information analyzed will be covered.
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CHAPTER 2 
DATA AND IMAGE REDUCTIONS 
Observations
Observations for the objects listed in Table 1 were made with the W. M. Keck 
10-m telescope on May 28 and 29, 2000. High-resolution spectra of the program 
stars were obtained using a HIRES Echelle Spectrograph and a Tektronix 2048EB2 
charge-coupled device (CCD) camera plus an RG 610 Elter. With this setup, we had a 
spectral resolution of 45,000, with a wavelength range of A =  4400À to A =  6800Â. As 
well as the object spectra, calibration images were also obtained, so that the spectra 
could be properly reduced.
The calibration images necessary for reductions include bias, Eat-Eeld, and Thorium- 
Argon (ThAr) lamp images. The calibrations were carried out using the software 
package IRAF and then were used to reduce the spectra. IRAF is composed of many 
packages in which the programs necessary for reductions and analysis are contained. 
The packages used for the reductions and analysis of the Echelle spectra listed in Ta­
ble 1 will be explained in appropriate sections of this paper. Also, we did not obtain 
any thermal, or dark, frames because the dark current is negligible for the exposure 
times we used since the chip is cooled to about -120°C using liquid nitrogen. We 
removed the scattered background light using the IRAF task APSCATTER, which 
Ets the data to a Spline 3 function, and removed data points that were not in the Et.
IRAF also contains some programs that allow the viewing of plots. We used 
SPLOT, which displays a plot of the spectrum so that one can analyze a spectrum. 
IMPLOT was also used, which plots the average of the CCD image columns or lines.
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We also used a program compatible with IRAF called DS9, which is an SAOImage 
program developed by the Smithsonian Astrophysical Observatory (SAO) group lo­
cated in Cambridge, MA. DS9 allows for viewing of the entire 2-D CCD chip image so 
that one can view all regions that must be used for accurate reductions, such as the 
trim and overscan regions of the CCD image that will be discussed in the following 
section.
Table 1 Observation Log
Object Hipparcos a(2000) ( (̂2000) HJD te x p S/N
HD/BD number “h:m:s” "d:m:s" (2450000+) (sec)
82943 47007 09 34 50.736 -12 07 46.36 1692.7639 120 474
83443 47202 09 37 11.828 -43 16 19.94 1692.7675 300 265
+83 319 54529 11 09 28.187 +83 05 45.39 1692.7746 300 158
+19 2531 59152 12 07 50.921 +18 56 55.81 1692.7827 300 266
+39 2587 63322 12 58 35.002 +38 16 48.45 1692.7914 180 192
111813 62758 12 51 38.409 +25 30 31.79 1692.8024 180 220
135363 74045 15 07 56.263 +76 12 02.68 1692.8691 120 196
162020 87330 17 50 38.358 -40 19 06.06 1692.9468 300 246
168746 90004 18 21 49.783 -11 55 21.66 1692.9524 180 322
169830 90485 18 27 49.484 -29 49 00.72 1692.9566 60 449
202116 104864 21 14 32.843 -22 52 41.15 1693.1102 120 209
202206 104903 21 14 57.769 -20 47 21.15 1693.1137 300 388
-07 5930 114007 23 05 20.146 -06 40 08.07 1693.1194 180 164
+83 319 54529 11 09 28.187 +83 05 45.39 1693.7546 540 172
+39 2587 63322 12 58 35.002 +38 16 48.45 1693.7646 300 111
Bias Reductions
There were Efteen bias exposures taken on each night of observation. Each night's 
data were reduced separately, so only the reductions of one set of Efteen will be 
referred to, although there were two sets. A bias exposure is a zero-second exposure 
taken to measure the excess charge that is added to the CCD chip. This excess charge 
is added to make the charge transfer elEciency (CTE) as high as possible. The CTE
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is how well charge moves from one pixel to the next on the CCD chip. A high CTE is 
preferred. We only get this high CTE above a certain number of electrons per well, 
so some electrons are added to each well to increase the CTE.
The Efteen bias exposures for each night were examined using DS9. This enabled 
us to End the over-scan and trim regions of the exposures. The region near the edge of 
the chip that is used to measure the bias level is the overscan region. The trim region 
is the area on the CCD chip that is used for analysis. Once these regions were deter­
mined, the bias exposures were trimmed and the signal in the over-scan region was 
removed. This was also done for the Eat-Eeld, ThAr, and object exposures. The Ef­
teen bias exposures were then averaged into one median-summed overscan subtracted 
bias exposure. This master bias was then subtracted from all other exposures.
Flat-Eeld Reductions
There were also Efteen 7 second Eat-Eeld exposures taken on each night. The 
reason for these exposures is to account for the diSerence in pixel-to-pixel sensitivity 
on the CCD chip for a uniformly illuminated Eeld. The Eat-Eelds (Eats) are taken as 
a measure of the diSerence in each pixel's sensitivity.
After the bias was subtracted, three of the Eat Eeld exposures for each night were 
displayed using IMPLOT. The Eats were examined together to make sure that all of 
the electron counts per pixel were approximately the same for all of the Eats. We 
used only three of the Efteen exposures because if three of the images are consistent 
with one another, the assumption can be made that all of the Eats for a given night 
on a given instrument will be consistent with one another. Once it was determined 
that they were consistent, the Efteen Eats were merged into one Ele. They were then 
combined into one average Eat Eeld exposure.
Apertures were then set for the Eats. This involved choosing the complete spectral
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orders from the chip and assigning them each a width (the width of each spike in Fig­
ure 2), center (of each spike in Figure 2), and aperture number. Unlike the traditional 
slit spectrograph, which has one spectral order per object, the Echelle spectrograph 
produces multiple orders on the image for one object. These Echelle spectral orders 
can "wrap around" the CCD chip (Figure 1). Each order contains the spectral region 
for a certain range of wavelengths, where order 1 would have smaller wavelengths 
than order 2, and so forth. In all, twenty-eight orders were marked. These marked 
orders are called apertures (Figure 2). The lowest and the highest orders were not 
marked as apertures due to incompleteness of the orders.
The Eats were then normalized, which sets everything except the marked apertures 
to unity. This is done to remove a general shape from the aperture spectra so that 
they better correspond to the object spectra. The normalized Eats were examined to 
make sure all of the aperture values were at or near unity. Once this was conErmed, 
the Eats were divided into the object images to remove the eEFect of the variations in 
each pixel. Apertures for the objects were then marked using the Eat Eeld apertures 
as a guide. This allowed us to remove the scattered background light from the objects 
and then to compress the ThAr and objects to 1-D spectra.
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10
Figure 1 Echelle spectrum prior to reductions. The entire gray and gray and white 
area represent the CCD chip. Each white line represents an order, the top and bottom 
lines are incomplete and were not used as apertures. The gray region without lines 
is the bias, and the black region will be removed when trimmed. The black dot is 
a felt-tipped pen mark placed on the chip by the manufacturer to establish that the 
CCD chip is engineer-grade. The streak, from top left toward bottom right, is some 
scattered light from an internal reEection in the spectrograph optics.
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Figure 2 Echelle orders that were marked as apertures. The Erst and last were not 
marked as apertures because they are not complete orders. Each spike was labeled 
as an aperture, so that it could be turned into the spectra in Figures 3-17.
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Figure 3 Spectrum of HD 82943 and the Fe i, Ca i, and Li i lines used 
from it for analvsis.
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Figure 4 Spectrum of HD 83443 and the Fe i, Ca i, and Li i lines used 
from it for analysis.
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lines that are doubled due to its binary nature.
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Figure 6 Spectrum of BD 4-19 2531 and the Fe i, Ca i, and Li i lines used 
from it for analvsis.
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Figure 7 Spectrum of BD +39 2587 night 1 and the Fe i, Ca i, and Li i 
lines used from it for analysis.
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Figure 8 Spectrum of HD 111813 and the Fe i, Ca i, and Li i lines used 
from it for analysis.
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Figure 9 Spectrum of HD 135363 and the Fe i, Ca i, and Li i lines used 
from it for analysis.
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Figure 10 Spectrum of HD 162020 and the Fe i, Ca i, and Li i lines used 
from it for analysis.
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
20
1
.6
.4
.2
6704 6706 6708 6710
W avelength  (A n g stro m s)
W avelength  (A n g stro m s)
1
.8
.6
.4
.2
8720 6730 6740 6750
Figure 11 Spectrum of HD 168746 and the Fe i, Ca i, and Li i lines used 
from it for analysis.
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Figure 12 Spectrum of HD 169830 and the Fe i, Ca i, and Li i lines used 
from it for analysis.
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Figure 13 Spectrum of HD 202116 and the Fe i, Ca i, and Li i lines used 
from it for analysis.
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Figure 14 Spectrum of HD 202206 and the Fe i, Ca i, and Li i lines used 
from it for analysis.
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Figure 15 Spectrum of BD -07 5930 and the Fe i, Ca i, and Li i lines used 
from it for analysis.
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Figure 16 Spectrum of BD 4-83 319 night 2 and the Fe i, Ca i, and Li i 
lines that are doubled due to its binary nature.
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Figure 17 Spectrum of BD +39 2587 and the Fe i, Ca i, and Li i lines used 
from it for analysis.
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Wavelength Calibrations
Once the bias had been subtracted and the hats divided into the object spectra, 
wavelength calibrations were carried out, which set the x-axis of the spectra equal 
to the correct wavelengths. During the initial observations ThAr lamp exposures 
containing lines of known wavelength were obtained. The ThAr information is listed 
in Table 2. We used one ThAr exposure each night for our calibrations. The apertures 
for these exposures were set in the same way as the object apertures, for a total of 
twenty-eight apertures.
An IRAF package called ECIDENTIFY was used to correlate the observed ThAr 
lines of night 2 to those previously identihed by Willmarth (1987). This package 
allows the user to mark several lines in a few apertures of a ThAr spectrum and 
then ht a dispersion correction solution which is later applied to the object spectra. 
The better the dispersion correction hts, the more accurate the wavelengths for the 
object spectra St. ECIDENTIFY required marking several lines &om the atlas in each 
aperture, then it attempted to End a predetermined number of lines. The dispersion 
correction was ht with the parameters in Table 2.
Once the night 2 wavelength calibrations were completed, a package called ECREI- 
DENTIFY was used to complete the ThAr night 1 calibrations. This package allows 
the user to take a previously calibrated spectrum and apply a shift to ht the spectrum 
of a diherent ThAr spectrum and re-identify the features in the spectra. We looked 
at the night 2 spectrum using IMPLOT and over-plotted the night 1 spectrum. This 
allows for determination of the shift between the spectra. We concluded that there 
was no shift, so the program used the night 2 dispersion solution to hnd a similar solu­
tion for night 1. Both dispersions were ht using a Chebyshev function and were then 
checked for accuracy using ECIDENTIFY. The similarities and changes are listed in 
Table 2.
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When the ThAr lamp spectra were calibrated, the dispersion solution was attached 
to the object spectra. Using SPLOT, the spectra were then checked for Li i at the 
wavelength of 6707.82Â, and Ca i at 6717.68À. In the spectra where these lines were 
distinct, the spacing between the lines corresponded closely to the theoretical spacing 
between the two lines, so we concluded that the spectra were adequate for analysis.
Table 2 ThAr and ECIDENTIFY Parameters
ThAr texp low high num. X y rms
Spectrum (sec.) rejection rejection iter. order order (A)
night 1 1 1.5 1.5 3 4 4 0.0011
night 2 1 1.5 1.5 2 4 4 0.0019
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CHAPTER 3 
ANALYSIS 
Kinematics
The kinematic data were obtained by hrst determining the radial velocities. The 
IRAF task FXCOR was used to obtain the radial velocities (the component of the 
star's space velocity toward or away from the Sun) with the use of a Fourier cross­
correlation (see Tonry and Davis, 1979) of the object spectrum and a template spec­
trum for which the heliocentric velocity is known. The template spectrum we used 
was from a standard star, HR 6349, taken on night 1.
The radial velocities (Table 5), proper motions, and distances hom parallaxes 
(which give the component of the space velocity perpendicular to the Sun-star direc­
tion) (Table 3) were then used to hnd U, V, and W components of the radial velocities. 
The U, V, and W components of the 3-D space velocity of the star are respectively 
the component toward the galactic center, the component normal to U in the galactic 
plane, and the component perpendicular to the galactic plane. To get the compo­
nent data, we used the VizieR catalogue services offered through the CDS (Centre 
de Donnes Astronomiques de Strasbourg University). The information for Table 3 
was found using the Hipparcos satellite catalogues (available through VizieR), which 
provides the parallaxes (̂ r) and proper motions (/;) of the stars, as was the magnitude 
and color index information in Table 4, except for the M„ which was found using:
=  y  — 5 log d +  5
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and,
error
is the average value obtained when calculating d using the TTgrror* &om the Hip­
parcos data. The errors were found using:
a =  +  (M, -
where Mu+ is the absolute magnitude obtained using y  +  and is the 
absolute magnitude obtained using 7r" — The information from Tables 3-5 was
then entered into a program called UVW.ONE, a program constructed by Johnson 
and Soderblom (1987) and updated for J2000.0 coordinates and to include covariance 
terms in the error matrices. This program takes all of the parameters of Tables 3 and 
4 into account, as well as the Right Ascension and Declination, to calculate the U, 
V, and W values found in Table 5. This was accomplished by hrst calculating the 
Galactic coordinates from the equatorial coordinates, &om which, a transformation 
matrix (T), and a coordinate matrix (A) were produced and used to hnd the U, V, 
and W components where:
y  =  T A  Aj/ia/TT
FF
where A; =  4.74057 km s" ,̂ which is the equivalent of one Astronomical unit (AU) per 
tropical year. An assumption was made that T and A introduced no error into U, V, 
and W. Therefore only the parallax, proper motion, and radial velocity contributed 
to the error which was found using the equation for the variance of a function of 
multiple variables:
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where F is a function of the variables x, y, and z. In this case, F is U, V, or W, x is 
Kod, y is k/ia/TT, and z is
Note that BD +39 2587 shows a signihcant discrepancy in 1%̂  values between 
nights 1 Eind 2 (Table 5). This means that this star is probably a single-lined spec­
troscopic binary (SBl).
Table 3 Hipparcos Data used for Kinematics
Object
HD/BD
7T̂
mas
7T̂
error
mas mas/yr
error
mas/yr mas/yr
error
mas/yr
82943 36.42 0.84 2.38 0.76 -174.05 0.53
83443 22.97 0.90 22.35 0.72 -120.76 0.69
+83 319 17.65 2.66 -69.59 2.80 -34.35 2.34
+19 2531 25.27 1.40 120.06 1.54 -73.58 0.72
+39 2587 26.24 1.75 -126.76 1.33 -42.02 1.22
111813 26.54 1.45 -142.59 1.24 -37.49 1.19
135363 33.97 0.69 -131.87 0.62 169.32 0.79
162020 31.99 1.48 20.99 2.35 -25.20 1.27
168746 23.19 0.96 -22.13 0.90 -69.23 0.66
169830 27.53 0.91 -0.84 1.23 15.16 0.72
202116 20.13 1.16 101.39 1.20 -10.22 0.58
202206 21.58 1.1/1 -38.23 1.36 -119.77 0.49
-07 5930 24.39 1.75 -172.51 2.01 -201.31 1.46
7̂T represents parallax
represents the proper motion in Right Ascension. 
^Us represents the proper motion in Declination.
Lithium Abundances
Lithium abundances were found using the program "Lihnd" (Steinhauer, A. and 
Deliyannis, C. P., in preparation). The program takes the B-V color index, the 
equivalent width of the Li i line, the S/N from the night observed, and the FWHM 
of the Li ] line to calculate the abundance of Lithium, and all errors associated
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Object
HD/BD
V
mag
B-V
mag
B-V
error
mag
K ,
mag
M.
error
mag
82943 6.54 0.623 0.001 4.35 0.07
83443 8.23 0.811 0.003 5.04 0.12
+83 319 9.50 0.929 0.001 5.73 0.47
+19 2531 9.16 0.881 0.028 6.17 0.17
+39 2587 9.28 0.852 0.033 6.37 0.20
111813 9.09 0.889 0.008 6.21 0.16
135363 8.72 0.952 0.024 6.38 0.06
162020 9.10 0.964 0.066 6.63 0.14
168746 7.95 0.713 0.015 4.78 0.13
169830 5.90 0.517 0.004 3.10 0.10
202116 8.39 0.614 0.015 4.91 0.18
202206 8.08 0.714 0.012 4.75 0.16
-07 5930 9.62 0.988 0.003 6.56 0.23
with the calculation. were calculated using the equation
T«yy = -  y)" -  -  y) + Q ,
where Ci, Cg, and C3 are constants. The abundances were then determined using 
the equivalent widths established in IRAF using SPLOT which takes two continuum 
points marked around the line to be measured. The linear continuum was subtracted 
and the Hux was determined by summing the pixels within the Li i line, including the 
partial pixels at the ends of the lines. This was done for the Li i 6707.82 line. The Li 
I line is sometimes blended with the nearby Fe i line at 6707.44À. When this occurs, 
the lines must be deblended. To deblend lines, a prohle model is used in which the
two lines are distinguishable. This allows for the estimation of the equivalent width
of the Li I line. "Lihnd" allows for the Fe i correction, if needed.
In order to accurately determine the central wavelength of the Li i line, we used
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Table 5 Kinematic Data
Object
HD/BD (Am s
U
(Am
V
(Am
W
(Am
Night One
82943 8.6+0.3 10.1+0.4 -20.3+0.5 -8.6+0.4
83443 29.4+0.5 19.9+0.8 -31.2+0.6 -11.8+ 0.6
+83 319 15.2+2.4 -6.4+2.7 -26.4+2.2 -11.9+1.1
+19 2531 -5.0+0.5 26.7+1.5 -0.4+0.2 -3.1+0.6
+39 2587 -12.1+0.7 -13.8+1.0 -21.0+1.3 -9.7+0.7
111813 -3.9+0.5 -17.8+1.0 -19.4+1.1 -4.1+0.6
135363 -7.5+1.6 -26.2+0.8 -13.2+1.2 -9.8+1.0
162020 -27.7+0.6 -27.9+0.7 2.9+0.3 -1.3+0.4
168746 -25.7+0.3 -18.8+0.4 -22.7+0.6 -3.5+0.2
169830 -16.9+0.3 -16.6+0.4 1.2+ 0.2 3.8+0.2
5202116 -2.2 + 0.2 -17.5+1.0 -3.2+0.2 -16.3+1.1
202206 13.7+0.3 -21.9+0.8 -19.6+1.3 -9.2+0.3
-07 5930 27.8+0.6 53.3+3.4 -6.1+ 1.6 -26.3+0.6
Night Two
+83 319 24.6+2.8 -3.0+2.7 -31.0+2.1 -15.6+0.91
+39 2587 30.3+0.6 -17.4+1.0 -13.6+1.3 31.8+0.7
^Vrad  is the heliocentric radial velocity for each star.
the very distinct Ca i line that is found at a rest wavelength of 6717.68À. The radial- 
velocity-shifted Ca i line was measured, then the doppler shift in the lines were es­
tablished using
y  Ao A,.gg(
C ^rest
The radial-velocity-shifted position of the Li i line was then located at Â , where
y
A o  —  A r e s t  +  A r g g f ,
C
where V is the radial velocity, c is the speed of light, and Are,( is the rest wavelength. 
The Li i and Ca i lines used are marked in Figures 3-17. Once the Li i line position 
was determined, then the abundances were determined using equivalent widths of the 
Li I spectral line. As spectral line strength increases, there is also an increase in the
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abundance of the element that line represents (Gray, 1992). The relationship in LTE 
is:
where is the continuum Sux, f), is the surface hux as a function of frequency (i/), 
and T&, is the optical depth or depth that one can see into an object, also as a function 
of (i/). The equivalent width (IV) is related to the hux by:
J  —  O O  c
The abundances are obtained using:
^ r e s t  -A log A =  logg / +  log -  log — -  8 z%,
A(5 K j q
and,
9 u f e m  ~  Qlfabs ~  § f  ■
where and g; are the statistical weights of the upper and lower atomic levels, 
/cm is the emission oscillator strength, and /gfw is the absorption oscillator strength. 
Ky is the mass absorption coefScient as a function of frequency, is the observed 
absorption coeGBcient, % is the excitation potential, and:
_  loge _  5040(K/ey)
" W  "  T(K) '
A value. A,,, is also obtmned from a measured equivalent width on a standard 
curve of growth. The abundance of the element can then be found using:
log A =  log Ao — A log A,
and log A can be dehned in terms of the number abundance of an element E and the 
number abundance of Hydrogen (which has been arbitrarily set to 12.0):
log A =  log =  logA (E).
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The equivalent widths of Li i A6707 are tabulated in Table 6, and the Li abundances 
log are given in Table 7.
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Table 6 Equivalent Widths
Object Li I Fe I Fe I Fe I Fe I Fe I Fe I
HD/BD A6707.86 A6703.58 A6705.10 A6710.32 A6726.67 A6750.16 A6752.72
82943 49.4 42.2 55.3 15.8 56.2 79.0 46.1
83443 1.8 (31.1 76.6 42.2 68.5 105.0 60.6
+19 2531 0.9 68.1 70.6 44.9 65.6 103.0 56.1
+39 2587^ 103.2 52.8 54.1 28.6 57.7 102.0 46.6
+39 2587^ 116.0 55.1 52.0 30.8 52.7 102.0 53.2
111813 76.0 55.0 61.9 34.3 61.6 99.1 53.2
135363 219.7 65.3 66.8 38.2 63.0 113.0 61.2
162020 6.2 61.9 (31.1 43.4 60.6 105.0 55.2
168746 1.0 41.4 46.4 16.3 46.9 76.3 36.7
169830 1.7 25.6 40.2 8.0 40.1 67.0 30.9
202116 80.2 34.9 45.8 13.4 48.4 73.0 35.1
202206 2.5 52.8 65.0 27.0 64.9 88.7 54.4
-07 5930 1.1 61.0 63.3 42.8 63.2 101.0 52.0
Sun 0.005 36.9 45.9 15.0 47.1 74.5 36.6
 ̂ Data from night 1. 
 ̂ Data from night 2.
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Object
HD/BD logA(Ti)
log N(Fe) 
(average) [Fe/H] a
Teff
(K)
82943 2.268 -4.84 7.65 0.140 0.048 5799
83443 <0.736 7.65 0.143 0.084 5139
+19 2531 <0.633 -4.52 7.59 0.077 0.099 4926
+39 2587 ^ 1.827 -4.11 7.42 -0.092 0.070 5012
+39 2587 2 1.908 -4.11 7.43 -0.077 0.089 5012
111813 1.484 -4.32 7.47 -0.045 0.109 4902
135363 2.105 -4.17 7.56 0.047 0.130 4728
162020 <0.476 7.52 0.003 0.109 4696
168746 <0.900 -5.11 7.36 -0.152 0.050 5467
169830 <0.998 -4.92 7.61 0.097 0.031 6227
202116 2.579 -4.37 7.53 0.020 0.018 5833
202206 <0.900 -4.81 7.63 0.123 0.078 5463
-07 5930 <0.461 -4.74 7.51 -0.002 0.137 4634
Sun 7.51 5777
 ̂ Data from night 1.
 ̂ Data from night 2.
 ̂ Data from Soderblom and King (in preparation).
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
38
Levels of Chromospheric Emission
Levels of chromospheric emission are determined from a measurement of the cen­
tral emission in the Ca n H and K lines. This emission is radiation from the chromo­
sphere, the region of the atmosphere of a star between the star's photosphere and its 
corona. An emission spectrum occurs when the temperatures of the various layers of 
a star increase outward from the central region of the star.
As the temperature rises, the source function (S;̂ ), for a Black body in Local 
Thermodynamic Equilibrium (LTE) increases (Bohm-Vitense, 1997). Under LTE 
conditions,
'S'A =  A  =
and
where s is the emissivity, i.e. the amount of energy emitted each second per unit 
volume into a certain width (dw) per wavelength band A A =  1, 7̂  is the intensity, 
and is the Plank function where
^  2W  1
^  A5 e A c / A t T _ l '
In the central part of the Ca ii lines, the absorption coeScient (K̂ ) is so high 
that the hght we see from a star is the light from the chromospheric layers where the 
source function increases, e.g., when there is no radiation from the photosphere.
The stars in our survey were chosen because of the apparent strengths in the Ca ii 
H and K lines. The H and K line strengths were taken from the unpublished survey 
of Soderblom and King, in preparation). About one-half of these objects seemed to 
have high chromospheric emission levels. CE is measured by the ratio:
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Since is the ratio of the HK Bnx (Fgx) to the star's bolometric, or total, 
hux, (crT^y) it tells us the strength of HK emission relative to the total emission. The 
more active the chromosphere, the greater the central emission is and the closer 
is to the total hux, so log is less negative; the more negative the logarithmic 
ratio, the less active the star (Soderblom et al. 1993).
According to the values, not every star in the survey has very active
CE. According to Soderblom, King and Henry (1998), stars with a logR^^ value 
greater than —4.2 are considered very active. Those between log =  —4.2 and 
log =  —4.75 are considered active. The stars that fall between logR^^ =  —4.75 
and =  —5.1 are considered inactive, and those that have log values less
than —5.1 are considered very inactive (Soderblom, King and Henry, 1998). This can 
be seen in Figure 33.
Metallicities
The metallicities for the stars in our survey were found using the Fe i lines marked 
in Figures 3-17. We used the program MOOC (Sneden, 1973). This program utilizes 
a parameter hie, which explains to MOOC that we want it to hnd abundances, and a 
model atmosphere, which is a text hie that gives a list of temperatures and pressures 
as a function of depth taken from the grids of Kurucz (1992), which are ordered using 
the Tg/y (eSiective temperature) and log(g) (surface gravity in cgs units). We used
Tlyy =  1808(B -  y)^ -  6103(H -  y )  +  8899 
(Soderblom et al., 1993) and
Zog(g) =  4.38 -  0.1371(B -  y)^ +  5.5555(5 -  y)^ -  6.6815(5 -  y)^ +  2.3615(5 -  y)^
(Cray, 1992) to determine the parameters of an appropriate model atmosphere for 
each star. The hnal input MOOC uses is a line data hie. The line data hie is a list
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of the wavelengths of the lines whose abundances are to be calculated, each line's 
identihcation by atomic number, lower excitation potential, log gf, and the equivalent 
width of each of the lines measured using SPLOT in IRAF (Table 6). The lower 
excitation potentials and log gf values were taken from Thevenin (1990).
Using all of the above information, MOOG calculates a table with the abundances 
(log A (Fe)) for each line input. This abundance is the logarithm of the number of Fe 
I atoms on a scale where log N(H) is arbitrarily set to 12.0. The calculation MOOG 
uses to determine the abundances are similar to those used to hnd Li abundances, 
where in the case of Iron, Ae =  Are- MOOG was run on all of the spectra except for 
the double-lined spectroscopic binary BD +83 319. This is because the lines of one 
component are diluted by continuum radiation from the other component. MOOG 
was, however, used to identify metallicities in the probable binary BD +39 2587, 
because it is single-lined and is possibly a wide enough binary to treat as a single 
star. MOOG was also run on a spectrum of the Moon, which served as a solar proxy.
The abundances were then used to calculate [Fe/H] values, or the logarithmic Iron 
to Hydrogen ratios in the star relative to that in the Sun, using:
[ F e / 5 ] =  Z ogA (Fe)g(ar -  fo g A (F e ) ,u ^ .
The [Fe/H] values for the lines in each star were then averaged together to hnd 
the mean [Fe/H] value for each star. The uncertainty in the mean is given by
a
V n  — 1
where sigma is the standard deviation and n is the number of lines used in the 
calculation of the mean for each star.
The results are displayed in Table 7 and Figures 18-30. The solid line is the mean 
[Fe/H] value, and the error bars represent the standard deviation in the mean. The 
points are the individual [Fe/H] values used to calculate the mean. The hgures are 
arranged &om highest metallicity to lowest metallicity.
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6700  6710 6720  6730  6740
Wavelength (Angstroms)
6750  6760
Figure 18 [Fe/H] vs. wavelength for HD 83443. The solid line represents 
the average value of [Fe/H]; the bracketed line on the right is Icr.
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6700 6710 6720 6730 6740 6750 6760
W avekngth (Angstroms)
Figure 19 [Fe/H] vs. wavelength for HD 82943. The solid line represents 
the average value of [Fe/H]; the bracketed line on the right is Icr.
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6750  6760
Figure 20 [Fe/H] vs. wavelength for HD 202206. The solid line represents 
the average value of [Fe/H]; the bracketed line on the right is Icr.
6720  6730  6740
Wavelength (Angstroms)
6750  6760
Figure 21 [Fe/H] vs. wavelength for HD 169830. The solid line represents 
the average value of [Fe/H]; the bracketed line on the right is Icr.
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6700 6710 6720 6730 6740 6750 6760
Wavelength (Angstroms)
Figure 22 [Fe/H] vs. wavelength for BD +19 2531. The solid line represents 
the average value of [Fe/H]; the bracketed line on the right is Id.
- 0.1  -
6720 6730 6740
Wavelength (Angstroms)
6750  6760
Figure 23 [Fe/H] vs. wavelength for HD 135363. The solid line represents the average 
value of [Fe/H]; the bracketed line on the right is Id.
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6720  6730  6740
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6760
Figure 24 [Fe/H] vs. wavelength for HD 202116. The solid line represents 
the average value of [Fe/H]; the bracketed line on the right is Id.
0.2  -
6700  6710  6720  6730  6740
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6750 6760
Figure 25 [Fe/H] vs. wavelength for HD 162020. The solid line represents 
the average value of [Fe/H]; the bracketed line on the right is Id.
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Figure 26 [Fe/H] vs. wavelength for BD -07 5930. The solid line represents 
the average value of [Fe/H]; the bracketed line on the right is Id.
- 0,1  -
6720  6730  6740
Wavelength (Angstroms)
6750  6760
Figure 27 [Fe/H] vs. wavelength for HD 111813. The solid line represents 
the average value of [Fe/H]; the bracketed line on the right is Id.
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Figure 28 [Fe/H] vs. wavelength for BD +39 2587 (night 2). The sohd line 
represents the average value of [Fe/H]; the bracketed line on the right is Id.
6 0.0
6700 6710 6720 6730 6740
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6750 6760
Figure 29 [Fe/H] vs. wavelength for BD +39 2587 (night 1). The solid line 
represents the average value of [Fe/H]; the bracketed line on the right is Id.
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Figure 30 [Fe/H] vs. wavelength for HD 168746. The solid line represents 
the average value of [Fe/H]; the bracketed line on the right is Id.
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CHAPTER 4 
DISCUSSION 
Moving Groups
The data from Table 5 was used to establish whether or not any of the stars in 
our study belong to Moving Groups (MGs), which are composed of gravitationally 
unbound isolated stars that have been grouped together due to kinematic similarities 
such as over-densities of stars in the U-V and V-W planes. The origin of MGs is 
unclear, but a widely accepted theory suggests that stars are somehow ejected from 
the cluster in which they were formed. This might occur due to tidal disruption 
from repeated encounters with Giant Molecular Clouds in the galactic disk (Asiain, 
Figueras, and Torra, 1999).
We compared our data (see Table 5) to the criteria set for groups in Asiain, et 
al. (1999), and Chereul, et al. (1999), which are acceptable U, V, and W values 
for previously analyzed MGs. We found that BD +83 319, HD 111813, and HD 
168746 all have characteristics of the Pleiades super cluster in both papers. HD 
202206 hts the characteristics of the Pleiades set forth by Chereul, et al. (1999). 
HD 135363 has characteristics of the Hyades cluster in both papers. HD 202116 has 
characteristics of the Coma Berenices open clusters according to Asiain, Figueras, 
and Torra (1999). BD +39 2587(both nights), due to its extreme radial velocity 
changes, is a probable SBl (single line spectroscopic binary) and is not included in 
the comparison of MGs. The kinematics of the remaining six stars so not correlate 
with any other MG associated with open clusters.
The stars that are possibly in moving groups fall into different regions on the H-R
48
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diagram. The stars on the diagram were compared, taking the errors into account, 
although in many cases the deviations do not seem significant. The "Hyades MG" 
stars falls on the Hipparcos main sequence for stars of lO^yr. The "Pleiades MG" 
stars, however, are more scattered. HD 111813 is on the main sequence, while BD 
+83 319,HD 168746 and HD 202206 fall just above the main sequence.
Typical metallicities of the Hyades and Pleiades clusters are [Fe/H]'-  ̂0.13 +  0.06 
(Gratton, 2000) and [Fe/H]^ —0.03 +  0.06 (Percival, 2003), respectively. There was 
no metallicity calculated for BD +83 319 because of its double-lined characteristics. 
HD 202116, HD 111813, HD 135363, HD 162020, BD -07 5930, and possibly BD +39 
2587 all have metallicities in the range of the Pleiades cluster, while HD 169830 and 
HD 168746 seem to have metallicities unlike either the Hyades or the Pleiades. HD 
202206, HD 82943, HD 83443, and possibly BD +19 2531 appear to have Hyades-like 
metallicities. However, the stars all seem to have metallicities similar to the Sun. 
There is no [Fe/H] to age relationship apparent from our data, since the Hyades is 
older than the Pleiades and some of the "Pleiades MG" stars have higher metallicities 
than the Hyades.
Ages of the stars
A more signihcant comparison is that of the Pleiades-like and Hyades-like Li-7^// 
data to the same data for our sample. Here we only consider the stars in our sample 
that show active or very active CE. In Figure 31 we see that BD +39 2587, HD 111813, 
and HD 135363 ht with the Pleiades data, which would correspond to a Pleiades-like 
age, while values for HD 202116 and HD 82943 and possibly BD +19 2531 seem to 
be closer to the Hyades, and they would correspond to a Hyades-like age.
Figure 33 shows the activity levels of the various stars for which Soderblom, King 
and Henry (1998) and Soderblom and King (in preparation) found values.
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Figure 31 Our data for six CE active stars vs Hyades (Thomburu et al., 1993), and 
Pleiades (King et al., 2000)data. Our data are represented by squares except for BD 
+19 2531 which has a Li upper limit and is represented by an inverted triangle, the 
Hyades are represented by triangles, and the Pleiades are represented by crosses. The 
abundance of Lithium is log jV(L%); Tgyy is the elective temperature of the star.
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Figure 32 H-R diagram of our data (squares with error bars of 1(7 error) vs. Hipparcos 
data (line).
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Combining this information with the abundances of Li (Table 5), we deduce the 
following:
We found that there are hve stars in our survey that contain enough Lithium to 
possibly be near-by (Pleiades age) held stars. HD 82943 has a logN(Li) value of 2.268, 
but its 7^// means it resides near the Li peak, where main-sequence Li depletion is 
minimized and the age determination is uncertain. While Figure 32 shows that HD 
82943 resides above the ZAMS, its modest log value suggests this is more likely 
the result of (post-) main sequence evolution, or that it is and undetected binary.
BD 4-39 2587 (logA(Li) =  1.817), HD 111813 (logA(Li) =  1.484), HD 135363 
(log A(Li) =  2.105), and HD 202116 (log A(Li) =  2.579) are active to highly active 
stars and seem to lie on the Main Sequence. Their Pleiades-level Li abundances 
suggest their activity is due to youth, although BD 4-39 2587 is a newly identihed 
single-lined spectroscopic binary for which CE may be due to interactions with its 
companion.
From Figure 33 we can determine that only BD 4-39 2587 and HD 135363 can 
be considered very active. BD 4-19 2531, HD 111813, and HD 202116 are considered 
active. HD 82943, HD 168746, HD 169830, and HD 202206 are inactive stars. The 
log 72^^ values for the other stars have not yet been calculated by Soderblom and 
King (in preparation). BD 4-19 2531 is active, and BD -07 5930 nearly so, but there 
are upper limits on their Lithium abundances, which means that the value achieved 
in our analysis is the maximum amount of Lithium that the star could contain. Given 
their coolness, however, such signihcant depletion is expected even at intermediate 
ages based on, e.g., Hyades Lithium data, which is seen in Figure 31.
HD 168746, HD 169830, and HD 202206 are inactive stars, and they have upper 
limits on their Lithium abundances. They reside slightly above the ZAMS, quite 
possibly due to (post-) main sequence evolution or their being undetected binaries.
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Figure 33 Comparison of log vs (B-V) from our survey and Soderblom, King and
Henry (1998). The squares represent our data, while the crosses represent the data 
of Soderblom, King and Henry (1998). The circle with a dot represents the accepted 
log value for the Sun. The stars with log greater than —4.2 are considered 
very active. Those between log 4.2 and log =  —4.75 are active. The
stars that fall between =  -4.75 and log =  -5 .1  are inactive (note the 
Sun), and those that have v&liies less than —5.1 are very inactive.
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CHAPTER 5 
CONCLUSION
We have found that of the thirteen stars in our sample, hve held stars have active 
to very active CE, which may be due to youth of the star. Of these hve stars, three 
show signihcant Li abundances consistent with near Pleiades age, while Li abundances 
of the other two cool objects suggest an intermediate, possibly Hyades-like age. The 
stars that we have found to be inactive appear single, sharp-lined, and depleted in 
Lithium. These stars, due to lack of Lithium and CE, probably correspond to post- 
main sequence age stars. The stars in our study all appear poor candidates for PTT 
stars, since PTTs are younger than the Pleiades.
We note a new SBl and SB2 in BD 4-39 2587 and BD 4-83 319, respectively. 
Both of these binaries may belong to the Pleiades open cluster moving group. Of the 
other stars that have high activity levels and high Lithium abundances, HD 135363 
could be part of the Hyades open cluster moving group, HD 111813 could be part of 
the Pleiades open cluster moving group, and HD 202116 could be part of the Coma 
Berenices moving group.
The H-R diagram shows BD 4-83 319 above the main sequence possibly because of 
its binary nature. HD 111813 and BD 4-19 2531 are both stars that are on the main 
sequence, while HD 202206 falls just above the main sequence. BD 4-39 2587 is the 
only star with that falls below the main sequence which cannot be due to the effects 
of the companion star, as the companion would place it above the main sequence as 
is the case for BD 4-83 319. Also, the metallicities place BD 4-39 2587, HD 111813, 
and HD 135363 as Pleiades-like, as does the Li-7^// data.
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Overall, our data ûts the CE to age relation very well. The activity levels and 
kinematic data show an increase in Li ^̂ ith an increase in activity level, with the stars 
depleted in Li generally being the least active. Our data also show evidence that from 
the ages of the stars indicated in the H-R diagram, one can assume that some stars, 
given the right conditions will stay in their cluster less than 10  ̂ years before being 
ejected and becoming a single star.
These data also conhrm the work of Henry et al. (1996) as well as Soderblom and 
King (in preparation). There seem to be a number of Pleiades-age or younger stars 
within 50 pc of the Sun which would imply that these stars are much more common 
as held stars than was formerly believed.
Table 8 Conclusions
Object Moving Activity Metallicity^ N(Li) vs
HD/BD Croupi LeveP'^
82943 - I H H
83443 - - H -
+83 319 P - - -
+19 2531 - A H? H?
+39 2587 - VA P? P
111813 P A P P
135363 H VA P P
162020 - - P -
168746 P VI - -
169830 - I - -
202116 C A P H
202206 P I H -
-07 5930 - I P -
 ̂ The MGs and metallicities are represented by P (Pleiades), H (Hyades), and C (Coma Berenices) 
 ̂ The activity levels are VA (very active), A (active), I  (inactive), VI (very inactive).
 ̂ The “?” represents the possibility that the star could belong to the cluster.
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